Four new compounds of the general formula: (Ph 4 P) 2 [Zn(RSO 2 N@CS 2 ) 2 ] where Ph 4 P = tetraphenylphosphonium cation, R = 4-FC 6 H 4 (1), 4-ClC 6 H 4 (2), 4-BrC 6 H 4 (3) and 4-IC 6 H 4 (4), were obtained by the reaction of the appropriate potassium N-R-sulfonyldithiocarbimate (RSO 2 N@CS 2 K 2 ) with zinc(II) acetate dihydrate in dimethylformamide. All compounds crystallize in the centrosymmetric space group of the triclinic system. The compounds 2, 3 and 4 are isostructural but compound 1 crystallizes as hemihydrate. The elemental analyses and the IR, 1 H NMR and 13 C NMR data for 1-4 are consistent with the formation of bis(dithiocarbimato)zinc(II) complexes. These compounds are active against the phytopathogenic fungus Colletotrichum gloeosporioides.
Introduction
Compounds containing zinc-sulfur-coordinated bonds have a wide range of applications. For example, bis(dithiocarbimato)zinc (II) complexes are worldwide used as fungicides [1] [2] [3] [4] [5] [6] .
In a recent work we have demonstrated that the compounds (Bu 4 N) 2 [Zn(RSO 2 N@CS 2 ) 2 ] (Bu 4 N = tetrabutylammonium cation and R = 4-FC 6 H 4 , 4-ClC 6 H 4 , 4-BrC 6 H 4 and 4-IC 6 H 4 ) are active against Colletotrichum gloeosporioides, an important fungus that causes anthracnose disease in tropical fruit trees [7] . However appropriate crystals for X-ray diffraction studies were obtained only for the compounds with R = 4-FC 6 H 4 and 4-IC 6 H 4 . In view to obtain crystallographic data for the anionic zinc complexes we decided to prepare the analogues (Ph 4 P) 2 [Zn(RSO 2 N@CS 2 ) 2 ] where Ph 4 P = tetraphenylphosphonium cation. These compounds were obtained by the reaction of zinc acetate dihydrate with dithiocarbimate anions derived from sulfonamides and tetraphenylphosphonium chloride. Crystals were easily obtained from a solution of the compounds in dichloromethane/ethanol mixture and the compounds were characterized by elemental analyses, the IR, 1 H and 13 C NMR spectroscopies and by X-ray diffraction techniques. The antifungal activity of the complexes 1-4 against C. gloeosporioides isolated from infected papaya fruits was also investigated.
Experimental

Methods and materials
The solvents were purchased from Vetec and used without further purification. The N-R-sulfonyl chlorides, 4-chlorobenzenesulfonamide, zinc acetate dihydrate and tetraphenylphosphonium bromide, were purchased from Aldrich. Carbon disulfide, ammonia concentrated aqueous solution and potassium hydroxide were purchased from Vetec. The 4-fluorobenzenesulfonamide, 4-bromobenzenesulfonamide and 4-iodobenzenesulfonamide were prepared from the reaction of the respective sulfonyl chlorides with ammonia concentrated aqueous solution, according to the methodology applied for the syntheses of similar compounds [8] . The N-R-sulfonyldithiocarbimate potassium salts dihydrate were prepared in dimethylformamide from sulfonamides analogously as described in the literature [9] [10] [11] [12] . Melting points were determined with a Mettler FP5 equipment. Microanalyses for C, H and N were obtained from a Perkin-Elmer 2400 CHN elemental analyzer. Zinc was analyzed by atomic absorption with a Hitachi Z-8200 atomic absorption spectrophotometer. The IR spectra were recorded with a Perkin-Elmer 283 B infrared spectrophotometer using CsI pellets. The 1 H (400 MHz) and 13 C (100 MHz) NMR spectra were recorded with a Bruker Advance RX-400 spectrophotometer in CDCl 3 with TMS as internal standard.
Syntheses
The syntheses of the zinc(II) N-R-sulfonyldithiocarbimate complexes were performed analogously to the Ref. [13] (Scheme 1). Zinc(II) acetate dihydrate (0.7 mmol) was added to a suspension of the appropriated potassium N-R-sulfonyldithiocarbimate dihydrate (1.5 mmol) in DMF (15 mL). The mixture was stirred for 1.5 h at room temperature and filtered. Water (15 mL) and tetraphenylphosphonium bromide (1.5 mmol) were added to the solution obtained. The mixture was stirred for 15 min and the yellowish solid product was filtered, washed with distilled water and dried under reduced pressure for three days, yielding (Ph 4 P) 2 [Zn(RSO 2 N@CS 2 ) 2 ] (ca. 80%). Suitable colourless crystals for X-ray structure analysis were obtained after slow evaporation of the solutions of the compounds in dichloromethane/ ethanol. 
The a parameter is 0.045 for 1, 0.020 for 2, 0.050 for 3 and 0.034 for 4.
(cm À1 ): 1397 m (C@N); 1299 m asym (SO 2 ); 1143 m sym (SO 2 ); 930 m asym (CS 2 ) and 339 m(ZnS). 1 All infrared spectra present the bands correspondent to the vibrations of the tetraphenylphosphonium cation. All 13 
X-ray crystallography
Colourless single crystals of 1, 2, 3 and 4 were used for data collection on a four-circle KUMA KM4 diffractometer equipped with two-dimensional CCD area detector. The graphite monochromatized Mo Ka radiation (k = 0.71073 Å) and the x-scan technique (Dx = 1°) were used for data collection. Data collection and reduction along with absorption correction were performed using CRYSALIS software package [14] . The structures were solved by direct methods using SHELXS-97 [15] revealing positions of almost all nonhydrogen atoms. The remaining atoms were located from subsequent difference Fourier syntheses. The structures were refined using SHELXL-97 [15] with the anisotropic thermal displacement parameters. The hydrogen atoms joined to aromatic rings were refined with riding model. Visualization of the structure was made with the DIAMOND 3.0 program [16] . Details of the data collection parameters, crystallographic data and final agreement parameters are collected in Table 1 . Selected geometrical parameters are listed in Table 2 .
Antifungal test
Paper discs (6 mm) were dipped into the solutions of the compounds 1, 2, 3 and 4 at 3000 ppm in dichloromethane. The discs were removed from the solutions, and after evaporation of the solvent they were placed at the center of Petri dishes containing C. gloeosporioides conidia mixed with Potato Dextrose Agar (PDA, Table 2 Selected geometrical parameters (Å,°). purchased from Difco) and the antibiotic streptomycin (50 mg/ 100 mL). The negative control discs were prepared in the same way, with solvent only.
Results and discussion
The zinc complexes are quite stable at the ambient conditions. They are slightly soluble in methanol and ethanol, and are soluble in chloroform and dichloromethane.
In the IR spectra of the compounds 1-4, the band at ca. 1438 cm À1 was assigned to the Ph 4 P + vibrations. The most intense band that occurs in the 1370-1400 cm À1 range is in the same region of the spectra of others zinc(II)-dithiocarbimato complexes and was assigned to mCN band vibration of the RSO 2 N@CS 2 group [7, 13] . This band is shifted to higher wavenumbers with respect to the parent potassium dithiocarbimate salts [9] [10] [11] [12] . The m asym CS 2 bands were observed at ca. 935 cm À1 . They are shifted to lower wavenumbers by ca. 25 cm À1 when compared to the spectra of the free ligands [9] [10] [11] [12] . The positions observed for the m asym CS 2 and mCN bands in the spectra of the compounds here studied are consistent with the complexation of the dithiocarbimate group by two sulfur atoms [13] . The spectra of the compounds also show the expected medium band in the 300-400 cm À1 range assigned to the ZnS stretching vibration indicating the gem-disulfur ligand [17] .
The 1 H NMR spectra showed all the signals for the hydrogen atoms of the tetraphenylphosphonium cation and the dithiocarbimate moiety. The integration curves on the 1 H NMR spectra were consistent with a 2:1 proportion between the cation and the bis(N-R-sulfonyldithiocarbimato)zincate(II) dianions. The 13 C NMR spectra showed the characteristic doublets for the carbons signals of the tetraphenylphosphonium cation and the expected signals for the zinc-complex anions. The aromatic region of the 13 C NMR spectrum of 1 also shows doublets due to the CF coupling.
The X-ray molecular structures of the complexes 1, 2, 3 and 4 are illustrated in Figs. 1-4 , respectively. The complexes 2, 3 and 4 are isostructural, while the complex 1 crystallizes as hemihydrate. In all complexes, the zinc(II) cation exhibits a similarly distorted tetrahedral 4)). Due to the chelating effect, the S-Zn-S angles containing the sulfur atoms of one N-R-sulfonyldithiocarbimate ligand are significantly smaller than those containing the sulfur atoms from two ligands ( Table 2 ). The N-R-sulfonyldithiocarbimate anions, as asymmetric didentate ligands, form a stable four membered ring by chelation through two sulfur atoms to Zn. The Zn-S bond lengths in these complexes are similar and range from 2.333(2) to 2.394(2) Å. The C1-N1 and C11-N11 bond lengths of 1.328(6) and 1.350(6) Å in 1 are slightly longer than those in the remaining three complexes. These distances are in the same range of those found for the tetrabutylammonium salts (Bu 4 N) 2 , not yet characterized by X-ray crystallography, confirming the structures proposed in the literature [7] .
The conformations of the bis(N-R-sulfonyldithiocarbimato)zincate(II) dianions in the isocrystalline complexes 2, 3 and 4 are similar but different from that found in the compound 1 (Fig. 5) . The ZnS1S2C1N1S3 and ZnS11S12C11N11S13 fragments of the N-Rsulfonyldithiocarbimate ligands in the four complexes are planar and are inclined by $96°to each other in the isocrystalline 2, 3 and 4 complexes, whereas in complex 1 this angle is equal to 105.8(3)°( Table 3 ). In the complexes 2, 3 and 4 the phenyl rings (C2-C7 and C12-C17) of the N-R-sulfonyldithiocarbimate ligands are inclined to the planar ZnS1S2C1N1S3 and ZnS11S12C1 1N11S13 fragments by $86°and $101°, respectively. In the complex 1, one of the ligands has approximately similar configuration to those in 2, 3 and 4 complexes, while the orientation of the second ligand is significantly different (Fig. 5) . The respective dihedral angles describing the conformation of the Zn-bis(N-R-sulfonyldithiocarbimato) dianions are given in Table 3 .
The conformation of the Zn-bis(N-R-sulfonyldithiocarbimato) dianion in the crystals of tetrabuthylammonium salts (Bu 4 N) 2 [Zn (4-FC 6 H 4 SO 2 NCS 2 ) 2 ] (1a) and (Bu 4 N) 2 [Zn(4-IC 6 H 4 SO 2 NCS 2 ) 2 ] (4a) are described in the literature [7] (Table 3 ). In the crystal of 1a the anion complex exhibits almost linear conformation, both 4-FC 6 H 4 rings of the Zn-bis(N-R-sulfonyldithiocarbimato) dianion are almost coplanar. The crystal of 4a the Zn-bis(N-R-sulfonyldithiocarbimato) dianion exhibits similar orientation of the 4-IC 6 H 4 rings as in 1 (dihedral angle between the rings is 76.4 (3) in (Bu 4 N) 2 [Zn(4-IC 6 H 4 SO 2 NCS 2 ) 2 ] and 75.8(3) in (Ph 4 P) 2 [Zn(4-FC 6 H 4 SO 2 NCS 2 ) 2 ]), but different to that in the 4a (29.7(3)°-see Table 3 ). These differences in conformation result from the different intermolecular interactions and crystal packings [7] .
The P atoms in both tetraphenylphosphonium cations exhibits similar slightly distorted tetrahedral geometry with P-C bond lengths ranging from 1.774(5) to 1.821(5) Å, 1.782(5)-1.801(6) Å, 1.781(3)-1.789(3) Å and 1.777(5)-1.805(5) Å in 1, 2, 3 and 4, respectively. The C-P-C angles are different from the value of the ideal tetrahedral geometry (104.6(3)-112.4(3)°).
In the crystals of 2, 3 and 4 the arrangements of molecules are quite similar ( Fig. 6 ) but different to that in the crystal of 1 (Fig. 7) . The arrangement of molecules is mainly determined by the electrostatic interactions between the oppositely charged units, i.e. tetraphenylphosphonium cations and bis(N-R-sulfonyldithiocarbi-mato)zincate(II) dianions, and by van der Waals forces. In the three isocrystalline structures (2, 3 and 4) no hydrogen bonds are observed, whereas in 1 the water molecule is involved into the hydrogen bond with the O1 atom of the sulfonyl group with OÁ Á ÁO distance of 2.787(5) Å. The molecules in crystals 2, 3 and 4 are related by the inversion center and translation along a and c cations. The van der Waals forces between the layers stabilize the structures of 2, 3 and 4 (Fig. 6 ). In the crystal 1 the molecules related by an inversion and translation along the a and c directions also form 2D-layers extending in (0 1 0) plane at z = À½, ½... (Fig. 7) . In contrast to the 2, 3 and 4 structures, in 1 the layers are interdigitated by the fluorine atoms bounded to the phenyl rings in para position (F2, C12-C17) and by the water (O3) molecules that interact with the oxygen atoms (O1) of the sulfonyl groups (Fig. 6) . The 2D-layers interact via van der Waals forces and the structure of 1 is additionally stabilized by the oppositely oriented local dipole moment of the strongly polar F-C bonds. From the molecular arrangement of 2, 3 and 4 it is clear that the (0 1 0) plane is a macroscopic cleavage plane of the crystals that cracks easily exactly in the (0 1 0) plane. The arrangement of molecules in 1 is different from that of 2, 3 and 4, therefore the cleavage plane(s) can not be defined. The single crystal X-ray analyses are in agreement with the spectroscopic data. The literature reports that analogues compounds with the tetrabutylammonium cation were active against C. gloeosporioides, with IC 50 from 0.6 to 1.2 mM (concentrations to inhibit 50% of the colony growth) [7] . Unfortunately, it was not possible to compare their antifungal activities, for the attempts to apply the same methodology (The Poison food technique) used for the analogues failed because the compounds 1-4 were much less soluble in the culture medium. The results were not reproducible and, therefore, it was not possible to determine their IC 50 . Nevertheless, using a different methodology it was possible to confirm that the compounds 1-4 also inhibit the growth of C. gloeosporioides. In this test, paper discs containing the compounds were placed in the centre of Petri dishes containing a homogeneous mixture of the fungus conidia in PDA. No activity was observed for the negative control discs (with solvent only). After 48 h of incubation at 25°C, compounds 1, 2, 3 and 4 presented the respective inhibition hales of 12.3 ± 0.3, 9.1 ± 0.6, 8.5 ± 0.4, 8.6 ± 0.4 mm. The diffusion of the compounds 2-4 in the media caused similar inhibition halos, compound 1 being slightly more active. This difference might be related to the lower solubility in the aqueous medium of the larger compounds 2-4.
Conclusion
Four new bis(N-R-phenylsulphonyldithiocarbimato)zincato(II) tetraphenyl-phosphonium salts were prepared and characterized by elemental analyses, IR, 1 H, and 13 C NMR. The data are consistent with the formulae (Ph 4 P) 2 [Zn(N-R-SO 2 N@CS 2 ) 2 ] (R = 4-FC 6 H 4 , 4-ClC 6 H 4 , 4-BrC 6 H 4 and 4-IC 6 H 4 ). The use of the tetraphenylphosphonium cation as counter ion was important, and allowed obtaining crystals suitable for structural determinations. The Zn-S bond distances were similar to those described in the literature for tetrabutylammonium salts analogous to compounds 1 and 4, thus indicating that (Bu 4 N) 2 [Zn(4-ClC 6 H 4 SO 2 NCS 2 ) 2 ] and (Bu 4 N) 2 [Zn(4-BrC 6 H 4 SO 2 NCS 2 ) 2 ], not yet characterized by X-ray diffraction, will probably show a similar ZnS 4 coordination.
The single crystal X-ray data showed that 2, 3 and 4 crystals are isocrystalline. The conformation of bis(N-R-sulfonyldithiocarbimato)zincate(II) dianion in 1 is significantly different from that in 2, 3 and 4 leading to the different molecular arrangement in the solids. In 1 the 2D-layers are interdigitated and in 2, 3 and 4 the 2D-layers are separated. The arrangements reflect to the macroscopic cleavage of the crystals. Compounds 1-4 inhibit the growth of C. gloeosporioides, but are less active in vitro than their analogues tetrabutylammonium salts [7] , probably due to their lower solubility in water.
